Metabolic and signaling events mediated by cardiotonic steroid ouabain in rat skeletal muscle.
The cardiac glycoside ouabain initiates a cascade of signaling events through Na+,K+-ATPase, leading to an increase in cell growth and proliferation in different cell types. We explored the effects of ouabain on glucose metabolism in skeletal muscle and clarified the mechanisms of ouabain signal transduction. In rat soleus muscle 200 microM ouabain decreased basal glucose uptake without effect on insulin-stimulated glucose uptake. Ouabain increased glycogen synthesis additively to insulin and this effect was abolished in the presence of a MEK1/2 inhibitor (PD98059) or a c-Src inhibitor (PP2). Ouabain exposure reduced glucose oxidation, and this effect was reversed in the presence of PP2. Incubation with ouabain did not affect intramuscular ATP and its metabolites; however acetyl-CoA carboxylase phosphorylation was reduced, with no effect on AMPK phosphorylation. Insulin-stimulated Akt phosphorylation was not affected by ouabain. Ouabain reduced basal and insulin-stimulated phosphorylation of PKC alpha/beta and delta isoforms, whereas phosphorylation of PKCzeta was unchanged. Ouabain exposure increased interaction of 1- and 2-subunits of Na-pump with c-Src, as assessed by co-immunoprecipitation with c-Src. Phosphorylation of ERK1/2, GSK 3 / and p90rsk activity was increased in response to ouabain, and these effects were prevented in the presence of PD98059 and PP2. In conclusion, the cardiac glycoside ouabain stimulates glycogen synthesis additively to insulin in rat skeletal muscle. This effect is mediated by activation of c-Src-, ERK1/2- p90rsk- and GSK3-dependent signaling pathway.